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L D9 This is a FIRST submission of items concerning a filing under 35 U.S.C. §371. 

2. U This is a SECOND or SUBSEQUENT submission of items concerning a filing 

under 35 U.S.C. §371. 

3. D9 This is an express request to begin national examination procedures (35 U.S.C. 

§371[fD at any time rather than delay. 

4. IS A proper Demand for International Preliminary Examination (IPE) was made to 

the appropriate Authority (IPEA) within the time period required. 



5. Ed A copy of the International Application as filed (35 U,S.C. §37I[c](2]) -- in English- 

a. is transmitted herewith (required when not transmitted by International 

ri?"^?"^* . • lu T . It. WIPO Publication 

b. U has been transmitted by the International Bureau. i^q 01/23446. 

c. U is not required, as the application was filed in the United States Receiving 

Office (RO/US). 

6. OS A (verified) translation of the International Application into the English language 

is enclosed. (see '5.' above.) 

7. [J Amendments to the (specification and) claims of the International Application 

under PCT Article 19 (35 U.S.C. 371(cl[3]) 

a. (J transmitted herewith (required if not transmitted by the International 
Bureau). 

b. LJ h^ve been transmitted by the International Bureau. 

c. L) have not been made; however, the time limit for making such amendments 

has NOT expired. 

d. U have not been made and will not be made. 

e. U will be submitted with the appropriate surcharge. 

8. [J A translation of the amendments to the claims (and/or the specification) under 

PCT Article 19 (35 U.S.C. §37I(c][3]) is enclosed or will be submitted with the 
appropriate surcharge. 
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9. ta An oath or declaration/power of attorney of the inventor(s) (35 U S C 

§371[c][4]) is enclosed 

n and is attached to the translation of (or a copy of) the International 

Application. 
[ ] and is attached to the substitute specification. 

10. Da A translation of at least the Annexes to the IPE Report under PCX Article 36 f3S 

U.S.C. 5371[cl[5]) is enclosed. 

Items 11, to 16. below concern other docuiDent(s) or information included: 

11. DO An Information Disclosure Statement under 37 CFR 1.97 and 1.98 is enclosed. 

12. U An Assignment is enclosed for recording. A separate cover sheet in compliance 

with 37 CFR 3.28 and 3.31 is included. 

13. Kl A FIRST preliminary amendment is enclosed. 

A SECOND or SUBSEQUENT preHminaiy amendment is enclosed. 

14. ( ] A substitute specification (including claims, abstract, drawing) is enclosed. 

15. [ ] A change of power of attorney and/or address letter is enclosed. 

16. IXI Other items of information: 

CB This application is being filed pursuant to 37 CFR 1.494(c) or 
1.49S(c), and any missing parts wiU be filed before expiration of~ 

U 22 months horn the priority dale under 37 CFR 
1.494(c). or 

UO 32 months from the priority date under 37 CFR 
1.495(c). 

U The undersigned attorney is authorized by the International applicant and 
by the inventors to enter the National Phase pursuant to 37 CFR 1.494(c) 
orl.495(c). 

The following additional information relates to the International Application: 
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jC10Rec'dPCT/PT0 2 1 MAR 200? 
International Application. No. pct/epoo/08817 0775/ooo40 



(IQ Receiving OfTice: EPO 

Dd IPEA (if filing under 37 CFR 1.493): EPO 

M Priority Claim($) (35 USC fiS 119, 365" 

German Appln. 199 45 980. 0 filed -Septeinber 24, 1999-. 

CD A copy of the International Search Report is 
0 enclosed. 

U attached to the copy of the International 
Application. 

Dd A copy of the Receiving Office Request Form -wiii foiio«-. 

tX] Form PTO/SB/05 (1) sheet 

[X] Form PCT/lB/306 (1) sheet 

[Xl Form PCT/ISA/210 (4) sheets SEARCH REPORT 

[X] Form PCT/IPEA/409 (5) sheets Including ANNEX English Translation 

[X] Front page of WO 01/23446 



Tbe fee calculation Is set forth on the next page of this TransmitUI Utter. 
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FEE CALCULATION SHEET 

^ A check in payment of the filing fee, calculated as follows, is attached (37 CFR 
1.492). 

Basic Fee S 890.00 

Total Number of claims in 

excess of (20) times $ia -0- 

Number of independent claims 

in excess of (3) times $84 -0- 

Fee for multiple dependent 

claims $280 -0- 

TOTAL FIUNG FEE... $ 890.00 
Kindly send us the official filing repdpt. 

The Commissioner is hereby authorized to charge aox additional fees which may 
be required or to credit any overpayment to Deposit Account No. 03*2775. This is a 
"general authorization" under 37 CFR 1 .2S(b), except that no automa^ig debit of the issue 
upon allowance is authorized. An additional copy of this page is attached. 

Respectfiilly submitted. 




Ashley I . Pezznei 

Reg. No. 35 # 646 

CONNOLLY BOVE LODGE & HUTZ LLP. 

1220 Market Street 

P.O. Box 2207 

Wilmington, Delaware 19899 
AIP/ jif Tel. (302) 658-9141 

Enclosures 

F:\docs\fori\40975 « F:\docs\paKa\56657.dop 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: Joachim Berthold et al. 

SERIAL NO. TO BE ASSIGNED 

FILED: HEREWITH 

FOR: POLYETHYLENE MOULDING 
COMPOUND WITH AN IMPROVED 
ESCR/STIFFNESS RELATION AND AN 
IMPROVED SWELLING RATE, A METHOD 
FOR THE PRODUCTION THEREOF AND 
THQE USE THEREOF 



ART UNIT: TO BE ASSIGNED 
EXAMINER: TO BE ASSIGNED 



Commissioner for Patents 
Washington, D.C. 20231 

"Express Mail" No. ET28467 1 856 
Date: March 2 1 , 2002 

I HEREBY CERTIFY THAT THIS PAPER OR FEE IS BEING DEPOSITED WITH THE UNITED STATES POSTAL SERVICE "EXPRESS MAIL POST 

Office to Addressee" service under 37 CFR 1 . 1 0 on the date indicated and is addressed to the 
Assistant Commissioner for patents, Washington, D.C. 2023 1 



J. Lynn Ferry 



(Typed or printed Name of 
person mailing paper or fee) 





(^natij^of person mailing 
Cper or fee) 




PRELIMINARY AMENDMENT PRIOR TO 
FEE CALCULATION AND EXAMINATION 



Sir: 

Prior to fee calculation and examination please amend the above-identified application as 
follows. 



In the Specification 

In the specification at page 1, after the title, prior to line 4, please insert the following: 



'ATTORNEY DOCKET NO.: 0775/00040 (9086*195) 

~ This application is a continuation of International Application PCT/EPOO/08817 filed 
September 9, 2000, which published as WO 01/23446 on April 5, 2001 and which claims priority 
to German Apphcation No. 199 45 980.0, filed September 24, 1999. 

In the Claims 

Please cancel claims 1 through 4. 

Please add the following new claims 5 through 16 as follows: 
~ 5. A polyethylene molding compound which comprises 

(A) from 30 to 60% by weight of low-molecular-weight ethylene homopolymer A which has a 
viscosity number VNa in the range from 40 to 150 cm^/g, 

(B) from 30 to 65% by weight of high-molecular- weight copolymer B comprising ethylene and a 
further olefin having from 4 to 10 carbon atoms which has a viscosity number VNb in the range 
from 150 to 800 cmVg, and 

(C) from 1 to 30% by weight of ultrahigh-molecular-weight ethylene homopolymer or 
copolymer C which has a viscosity number VNc in the range from 900 to 3000 cm^/g and 

the molding compound has a multimodal molecular weight distribution which has an overall 
density of 0.940 g/cm^ and an MFI190/5 in the range from 0.01 to 10 dg/min. 

6. The polyethylene molding compound according to claim 5, which has excellent 
convertibility into hollow articles, expressed by a swelling rate in the range from 100 to 300%. 

7, A method for the production of the polyethylene molding compound according to claim 
5, which comprises carrying out the polymerization of the monomers in suspension at a 
temperature in the range from 20 to 120°C, a pressure in the range from 2 to 60 bar and in the 
presence of a Ziegler catalyst which comprises a transition-metal compound and an 
organoaluminium compound, and the polymerization is carried out in three steps, with the 
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molecular weight of the polyethylene produced in each step in each case being regulated with the 
aid of hydrogen. 

8. The method as claimed in claim 7, wherein the polymerization is carried out in a 
cascaded suspension polymerization. 

9. The polyethylene molding composition according to claim 15, wherein the multimodal 
molecular weight distribution is a trimodal molecular weight distribution. 

10. The polyethylene molding composition according to claim 5, wherein the further olefin is 
in an amount up to 5% by weight, 

11. The polyethylene molding composition according to claim 5, wherein the molding 
composition contains up to 10% by weight of one or more comonomers selected from the group 
consisting of 1-butene, 1-pentene, 1-hexene, 1-octene and 4-methyl-l-pentene. 

12. The molding compound according to claim 5, wherein the molding compound has a 
viscosity number VNtot in the range from 190 to 700 cm^/g. 

13. The molding compound according to claim 5, wherein the molding compound has a 
viscosity number VNtm in the range from 250 to 500 cmVg. 

14. An article which comprises the molding composition according to claim 5. 

15. The article as claimed in claim 14, wherein the article is a fuel tank, canister, drum or 
bottle. 
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16. A process to make an article which comprises plasticating the polyethylene molding 
composition according to claim 5 in an extruder at temperatures in the range from 200 to 250°C 
and then extruding through a die into a blow mold and cooling therein. - - 

REMARKS 

The applicants respectfully request that the preliminary amendment be entered prior to 
fee calculation and examination. The applicants have rewritten claims 1 through 3 in the proper 
U.S. form as newly added claims 5 through 7. Support for newly added claim 8 can be found in 
the specification at page 3, lines 10 and 1 1. Support for newly added claims 9 through 13 can be 
found in the specification at page 3, lines 15 through 29. Support for newly added claims 14 
through 16 can be found in original claim 4, No additional fee is required for the claims. If there 
are any additional fees due in connection with the filing of this response, the Commissioner is 
authorized to charge or credit any overpayment to Deposit Account No. 03-2775. 

A prompt and favorable action is solicited. 

Respectfully submitted, 

CONNOLLY BOVE LODGE & HUTZ LLP 




Reg. No. 35,646 
Tel. (302) 888-6270 



191394 
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Polyethylene moulding compound with an improved ESCR/stiffness relation and an 
improved swelling rate, a method for the production thereof and the use thereof 

The present invention relates to a polyethylene moulding compound having a multi- 
5 modal molecular weight distribution and to a method for the production of this 
moulding compound in the presence of a catalytic system comprising a Ziegler 
catalyst and co-catalyst via a multistep reaction sequence consisting of successive 
liquid-phase polymerizations, and to hollow articles produced from the moulding 
compound by extrusion blow moulding. 

10 

Polyethylene is widely used for the production of mouldings and containers since it is 
a material having a low inherent weight which nevertheless has particularly high 
mechanical strength, high corrosion resistance to moisture and water in combination 
with atmospheric oxygen and absolutely reliable long-term resistance and since 
15 polyethylene has good chemical resistance and in particular can easily be processed 
for bottles, canisters and fuel tanks in motor vehicles. 

EP-A-603,935 has already described a moulding compound based on polyethylene 
which has a bimodal molecular weight distribution and which is also suitable, inter 
20 alia, for the production of pipes. 

A raw material having an even broader molecular weight distribution is described in 
US Patent 5,338,589 and is prepared using a highly active catalyst disclosed in 
WO 91/18934 in which magnesium alkoxide is employed in the form of a gelatinous 
25 suspension. Surprisingly, it has been found that the use of this material in mouldings, 
in particular in pipes, facilitates a simultaneous improvement in the properties of 
stiffness and creep tendency, which are usually contradictory in partially crystalline 
thermoplastics, on the one hand, and stress cracking resistance and toughness on 
the other hand. 
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The known bimodal products are distinguished, in particular, by good processing 
properties at the same time as an outstanding stress cracking/stiffness ratio. This 
combination of properties is of particular importance in the production of hollow 
articles from plastics, such as bottles, canisters and fuel tanks in motor vehicles. In 
5 addition to this property combination, however, the production of plastic hollow 
articles requires the highest possible swelling rate of the plastic melt, since the 
swelling rate is directly responsible for enabling the optimum setting of wall thickness 
control, the formation of the weld line and the weldability in industrial production in 
extrusion blow moulding. 

10 

It is known that plastics having high swelling rates can be produced well using so- 
called Phillips catalysts, i.e. polymerization catalysts based on chromium com- 
pounds. However, the plastics produced in this way have an unfavourable stress 
cracking/stiffness ratio compared with the known plastics having a bimodal mole- 
1 5 cular weight distribution. 

EP-A-0 797 599 discloses a process which even gives a polyethylene having a 
trimodal molecular weight distribution in successive gas-phase and liquid-phase 
polymerizations. Although this polyethylene is already very highly suitable for the 
20 production of hollow articles in extrusion blow moulding plants, it is, however, still in 
need of further improvement in its processing behaviour owing to the plastic melt 
swelling rate, which is still too low. 

The object of the present invention was the development of a polyethylene moulding 
25 compound by means of which an even better ratio of stiffness to stress cracking 
resistance compared with all known materials can be achieved and which, in addi- 
tion, has a high swelling rate of its melt, which, in the production of hollow articles by 
the extrusion blow moulding process, not only enables optimum wall thickness con- 
trol, but at the same time also facilitates excellent weld line formation and wall 
30 thickness distribution. 
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This object is achieved by a moulding compound of the generic type mentioned at 
the outset, whose characterizing features are to be regarded as being that it com- 
prises from 30 to 60% by weight of a low-molecular-weight ethylene homopolymer A, 
5 from 65 to 30% by weight of a high-molecular-weight copolymer B comprising 

ethylene and another olefin having from 4 to 10 carbon atoms, and from 1 to 30% by 
weight of an ultrahigh-molecular-weight ethylene homopolymer or copolymer C. 
where all percentages are based on the total weight of the moulding compound. 

1 0 The invention furthermore also relates to a method for the production of this 

moulding compound in cascaded suspension polymerization, and to hollow articles 
made from this moulding compound with very excellent mechanical strength 
properties. 

15 The polyethylene moulding compound according to the invention has a density in the 
range > 0.940 g/cm^ at a temperature of 23**C and has a broad trimodal molecular 
weight distribution. The high-molecular-weight copolymer B comprises small propor- 
tions of up to 5% by weight of further olefin monomer units having from 4 to 1 0 
carbon atoms. Examples of comonomers of this type are 1-butene, 1-pentene, 

20 1 -hexene, 1 -octene or 4-methyl-1 -pentene. The ultrahigh-molecular-weight ethylene 
homopolymer or copolymer C may optionally also comprise an amount of from 0 to 
10% by weight of one or more of the above-mentioned comonomers. 

The moulding compound according to the invention furthermore has a melt flow 
25 index, in accordance with ISO 1 133, expressed as MFI190/5, in the range from 0.01 to 
10 dg/min and a viscosity number VNtot, measured in accordance with ISO/R 1 191 in 
decalin at a temperature of 135°C, in the range from 190 to 700 cm^/g, preferably 
from 250 to 500 cm^/g. 

30 The trimodality can be described as a measure of the position of the centres of the 
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three individual molecular weight distributions with the aid of the viscx)sity numbers 
VN in accordance with ISO/R 1 191 of the polymers formed in the successive poly- 
merization steps. The following band widths of the polymers formed in the individual 
reaction steps should be taken into account here: 

The viscosity number VNi measured on the polymer after the first polymerization 
step is identical with the viscosity number VNa of the low-molecular-weight poly- 
ethylene A and is in accordance with the invention in the range from 40 to 
1 80 cm^/g. 

VNb of the relatively high-molecular-weight polyethylene B formed in the second 
polymerization step can be calculated from the following mathematical formula: 



1 5 where wi represents the proportion by weight of the low-molecular-weight poly- 
ethylene formed in the first step, measured in % by weight, based on the total weight 
of the polyethylene having a bimodal molecular weight distribution formed in the first 
two steps, and VN2 represents the viscosity number measured on the polymer after 
the second polymerization step. The value calculated for VNb is normally in the 

20 range from 1 50 to 800 cm^/g. 

VNc for the ultrahigh-molecular-weight homopolymer or copolymer C formed in the 
third polymerization step is calculated from the following mathematical formula: 



VN2 -Wj'VNj 



VN^ = 



VN,~w,- VN, 



25 



where W2 represents the proportion by weight of the polyethylene having a bimodal 
molecular weight distribution formed in the first two steps, measured in % by weight, 
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based on the total weight of the polyethylene having a trimodal molecular weight 
distribution formed in all three steps, and VN3 represents the viscosity number which 
is measured on the polymer after the third polymerization step and is identical with 
the VNtot already mentioned above. The value calculated for VNc is in accordance 
with the invention in the range from 900 to 3000 cm^/g. 

The polyethylene is obtained by polymerization of the monomers in suspension or at 
temperatures in the range from 20 to 120°C, a pressure in the range from 2 to 60 bar 
and in the presence of a highly active Ziegler catalyst composed of a transition-metal 
compound and an organoaluminium compound. The polymerization is carried out in 
three steps, i.e. in three successive steps, with the molecular weight in each case 
being regulated with the aid of metered-in hydrogen. 

The polymerization catalyst's long-term activity, which is necessary for the cascaded 
procedure described above, is ensured by a specially developed Ziegler catalyst. A 
measure of the suitability of this catalyst is its extremely high hydrogen responsive- 
ness and its high activity, which remains constant over a long period of from 1 to 8 
hours. Specific examples of a catalyst which is suitable in this manner are the pro- 
ducts cited in EP-A-0 532 551 , EP-A-0 068 257 and EP-A-0 401 776 of the reaction 
of magnesium alkoxides with transition-metal compounds of titanium, zirconium or 
vanadium and an organometallic compound of a metal from groups I, II or III of the 
Periodic Table of the Elements, 

Besides the polyethylene, the polyethylene moulding compound according to the 
invention may also comprise further additives. Additives of this type are, for example, 
heat stabilizers, antioxidants, UV absorbers, light stabilizers, metal deactivators, 
peroxide-destroying compounds, basic costabilizers in amounts of from 0 to 10% by 
weight, preferably from 0 to 5% by weight, but also fillers, reinforcing agents, plasti- 
cizers, lubricants, emulsifiers, pigments, optical brighteners, flame retardants, anti- 
statics, blowing agents or combinations thereof in total amounts of from 0 to 50% by 
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weight, based on the total weight of the mixture. 



The moulding compound according to the invention is particularly suitable for the 
production of hollow articles, such as fuel canisters, chemical-resistant containers, 
5 canisters, drums and bottles, by firstly plasticating the polyethylene moulding com- 
pound in an extruder at temperatures in the range from 200 to 250''C, and then 
extruding the compound through a die into a blow mould, and cooling it therein. 

For conversion into hollow articles, use can be made of both conventional single- 
10 screw extruders having a smooth feed zone and high-performance extruders having 
a finely grooved barrel and forced conveying feed section. The screws are typically 
designed as decompression screws with a length of from 25 to 30 D (D = diameter). 
The decompression screws have a discharge zone in which temperature differences 
in the melt are compensated and in which the relaxation stresses formed due to 
1 5 shearing are intended to be dissipated. 

Example 1 (according to the invention): 

The polymerization of ethylene was carried out in a continuous method in three 
20 reactors connected in series. A Ziegler catalyst, a sufficient amount of suspension 
medium, ethylene and hydrogen were fed into the first reactor. The amount of 
ethylene and hydrogen was set in such a way that one part by volume of hydrogen 
was present per nine parts by volume of ethylene. 

25 The catalyst was a Ziegler catalyst as described in Example 2 of WO 91/1 8934, 
which had the catalyst component a having the operation number 2.2 therein, and 
which is added together with a co-catalyst comprising an organometallic compound 
of a metal from group I, II or III of the Periodic Table of the Elements. 
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The catalyst was metered continuously into the first reactor with the co-catalyst and 
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triethylamine in the ratio 1:10 (mol/mol). 

The polymerization in the first reactor was carried out at a temperature of 76*'C and a 
pressure of 0.78 MPa for a period of 3.3 hours with a hydrogen content in the gas 
5 space of from 67 to 68% by volume. 

The suspension from the first reactor was then transferred into a second reactor, in 
which the amount of hydrogen had been reduced to 5 parts by volume in the gas 
space and the amount of C4 comonomer had been increased to 5 parts by volume. 
10 The reduction in the amount of hydrogen was carried out via interim H2 decompres- 
sion. 

The polymerization in the second reactor was carried out at a temperature of 84°C 
and a pressure of 0.5 MPa for a period of 54 minutes. 

15 

The suspension from the second reactor was transferred into the third reactor via 
further interim H2 decompression, by means of which the amount of hydrogen in the 
gas space of the third reactor is set to < 5% by volume. 

The polymerization in the third reactor was carried out at a temperature of 47''C and 
20 a pressure of < 0.23 MPa for a period of 30 minutes. 

The polymer suspension leaving the third reactor was fed to granulation after remo- 
val of the suspension medium and drying. 

25 The viscosity numbers and proportions wa, wb and wc of polymer A, B and C apply- 
ing to the polyethylene moulding compound produced in accordance with Example 1 
are given in Table 1 shown below together with the corresponding data for the 
moulding compounds produced in accordance with the following Examples 2 to 4. 
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Example 2 (according to the invention) 

Example 1 was repeated with the following changes: 

The polymerization in the first reactor was carried out at a temperature of 82*'C and a 
5 pressure of 0.89 MPa for a period of 2.6 hours with a hydrogen content of 68% by 
volume in the gas space of the reactor. 

The suspension from the first reactor was then transferred into a second reactor, in 
which the amount of hydrogen had been reduced to 10 parts by volume in the gas 
1 0 space of the reactor and the amount of C4 comonomer had been increased to 0.7 
parts by volume in the gas space of the reactor. The reduction in the amount of 
hydrogen was again carried out via interim H2 decompression. 

The polymerization in the second reactor was carried out at a temperature of 80°C 
1 5 and a pressure of 0.37 MPa for a period of 66 minutes. 

The suspension from the second reactor was transferred into the third reactor, and 
the amount of hydrogen in the gas space of the third reactor was set to 0.6% by 
volume and that of C4 comonomer to 0.8% by volume. 

20 

The polymerization in the third reactor was carried out at a temperature of 80^*0 and 
a pressure of 0.15 MPa for a period of 36 minutes. 

The viscosity numbers and proportions wa, wb and wc of polymer A, B and C apply- 
25 ing to the polyethylene moulding compound produced in accordance with Example 2 
are given in Table 1 shown below together with the corresponding data for the 
moulding compounds produced in accordance with the other examples. 
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Example 3 (according to the invention) 

Example 2 was repeated with the following changes: 

The polymerization in the first reactor was carried out at a temperature of SO^'C and a 
5 pressure of 0.74 MPa for a period of 2.1 hours with a hydrogen content of 65% by 
volume in the gas space of the reactor. 

The suspension from the first reactor was then transferred into a second reactor, in 
which the amount of hydrogen had been reduced to 4.1 parts by volume in the gas 
1 0 space of the reactor and the amount of C4 comonomer had been increased to 1 . 1 
parts by volume in the gas space of the reactor. The reduction in the amount of 
hydrogen was again carried out via interim H2 decompression. 

The polymerization in the second reactor was carried out at a temperature of 80**C 
1 5 and a pressure of 0.24 MPa for a period of 54 minutes. 

The suspension from the second reactor was transferred into the third reactor, and 
the amount of hydrogen in the gas space of the third reactor was set to 1.1% by vol- 
ume and that of C4 comonomer to 0.8% by volume. 

20 

The polymerization in the third reactor was carried out at a temperature of 60**C and 
a pressure of 0.12 MPa for a period of 30 minutes. 

The viscosity numbers and proportions wa, wb and wc of polymer A, B and C apply- 
25 ing to the polyethylene moulding compound produced in accordance with Example 3 
are given in Table 1 shown below together with the corresponding data for the 
moulding compounds produced in accordance with the other examples. 
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Example 4 (according to the invention) 

Example 3 was repeated with the following changes: 

The polymerization in the first reactor was carried out at a temperature of SO^'C and a 
pressure of 0.82 MPa for a period of 2.2 hours with a hydrogen content of 74% by 
volume in the gas space of the reactor. 

The suspension from the first reactor was then transferred into a second reactor, in 
which the amount of hydrogen had been reduced to 4.0 parts by volume in the gas 
space of the reactor and the amount of C4 comonomer had been increased to 1 .3 
parts by volume in the gas space of the reactor. The reduction in the amount of 
hydrogen was again carried out via interim H2 decompression. 

The polymerization in the second reactor was carried out at a temperature of 80**C 
and a pressure of 0.20 MPa for a period of 54 minutes. 

The suspension from the second reactor was transferred into the third reactor, and 
the amount of hydrogen in the gas space of the third reactor was set to 1 .0% by 
volume and that of C4 comonomer to 1 .0% by volume. 

The polymerization in the third reactor was carried out at a temperature of 60°C and 
a pressure of 0.08 MPa for a period of 30 minutes. 

The viscosity numbers and proportions wa, wb and wc of polymer A, B and C apply- 
ing to the polyethylene moulding compound produced in accordance with Example 2 
are given in Table 1 shown below together with the corresponding data for the 
moulding compounds produced in accordance with the other examples. 
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Comparative Example (CE): 

Example 1 was repeated, but with the difference that the polymerization was termi- 
nated after the second reaction step. 

5 

The polymerization in the first reactor was carried out at a temperature of 84°C and a 
pressure of 0.90 MPa for a period of 4.2 hours with a hydrogen content of 76% by 
volume in the gas space of the reactor. 

1 0 The suspension from the first reactor was then transferred into a second reactor, in 
which the amount of hydrogen had been reduced to 3.0 parts by volume in the gas 
space of the reactor and the amount of C4 comonomer had been increased to 1 .9 
parts by volume in the gas space of the reactor. The reduction in the amount of 
hydrogen was again carried out via interim H2 decompression. 

15 

The polymerization in the second reactor was carried out at a temperature of 83**C 
and a pressure of 0.21 MPa for a period of 80 minutes. 
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This gave a polyethylene having a bimodal molecular weight distribution, as corre- 
sponds to the prior art in accordance with EP-A 603 935. 
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Example 


1 


2 


3 


4 


CE 


Wa 


0.35 


0.45 


0.55 


0.55 


0.52 


Wb 


0.55 


0.45 


0.35 


0.35 


0.48 


Wc 


0.10 


0.10 


0.10 


0.10 


0 


VNi [cm^/g] 


80 


80 


100 


60 


55 


MFR(2) 


3.5 


2.3 


2.3 


2.0 


0.7 


MFR(3) 


1.2 


0.7 


0.55 


0.56 


— 


MFR/5[g/10'] 


1.07 


0.55 


0.30 


0.36 


0.4 


MFR/21.6 [g/10'] 


17.9 


11 


9.5 


13.8 


13.4 


FRR 21 .6/5 


17 


20 


31.6 


36.3 


33.6 


VNtot [cm-'/g] 


306 


325 


392 


373 


329 


Density [g/cm^] 


0.954 


0.952 


0.953 


0.954 


0.954 


FT OX [kJ/m^] 


9.6 


10.7 


12.6 


7.8 


6 


FCM [N/mm^] 


1270 


1200 


1240 


1280 


1275 


SR rheometer [%] 


200 


151 


153 


143 


91 


SCR [h] 


3.7 


16 


54.2 


54.1 


39 
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Table 1 



The abbreviations for the physical properties in Table 1 have the following meanings: 

FCM = flexural creep modulus, measured in accordance with ISO 54852-Z4 in 
N/mm^ as the one-minute value, 

SCR = stress cracking resistance of the moulding compound according to the 
invention. It is determined by an internal measurement method. This labora- 
tory method has been described by M. Fleiliner in Kunststoffe 77 (1987), pp. 
45 ff. This publication shows that there is a correlation between the determi- 
nation of slow crack growth in the creep test on test bars with all-round 
notches and the brittle branch in the long-term failure test under internal 
hydrostatic pressure in accordance with ISO 1 167. A shortening of the time to 
failure is achieved by shortening the crack initiation time by the notches 
(1.6 mm/razor blade) in ethylene glycol as stress crack-promoting medium at 
a temperature of 80**C and a tensile stress of 3.5 MPa. The samples are pro- 
duced by sawing three test specimens measuring 10 x 10 x 90 mm out of a 
pressed sheet with a thickness of 10 mm. The test specimens are provided 
with all-round notches in the centre using a razor blade in a notching device 
produced especially for the purpose (shown in Figure 5 in the publication by 
Fleiliner), The notch depth is 1.6 mm. 

FT = fracture toughness of the moulding compound according to the inven- 
tion. It is likewise determined by an internal measurement method on test 
bars measuring 10 x 10 x 80 mm which had been sawn out of a pressed 
sheet with a thickness of 10 mm. Six of these test bars are notched in the 
centre using a razor blade in the notching device mentioned above. The notch 
depth is 1 .6 mm. The measurement is carried out substantially in accordance 
with the Charpy measurement method in accordance with ISO 179 with modi- 
fied test specimens and modified impact geometry (distance between sup- 
ports). All test specimens are conditioned to the measurement temperature of 
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0**C over a period of from 2 to 3 hours. A test specimen is then placed without 
delay onto the support of a pendulum impact tester in accordance with ISO 
179. The distance between the supports is 60 mm. The drop of the 2 J 
hammer is triggered, with the drop angle being set to 160°, the pendulum 
5 length to 225 mm and the impact velocity to 2.93 m/sec. In order to evaluate 

the measurement, the quotient of the impact energy consumed and the initial 
cross-sectional area at the notch apM in mJ/mm^ is calculated. Only values for 
complete fracture and hinge fracture can be used here as the basis for a 
common mean (see ISO 179). 

0 

SR = swelling rate, measured in a high-pressure capillary rheometer at a 
shear rate of 1440 1/s in a 2/2 round-hole die with a conical entry (angle = 
15**) at a temperature of 190**C. 
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The measurement values clearly show that the moulding compound according to the 
invention in all cases resulted in better strength properties and also had better pro- 
cessing properties during production. 
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Table 2 

For hollow articles testing, 500 ml round bottles were produced on a Bekum BAE 3 
under the following conditions and with the following result: 



Example 


1 


2 


3 


4 


CE 1 


Base slot 


150 


150 


150 


150 


200 


Rotational speed [rpm] 


17.7 


17.7 


17.7 


17.7 


— 


Blowing time [sec] 


15 


14.0 


12.0 


11.2 


12 


Weight [g] 


41.4 


37.4 


36.0 


35.6 


38 


Wall thickness [mm] 


1.2 


1.00 


0.90 


0.85 




Weld line thickness 
[mm] 


2.0 


2.0 


1.0 


1.0 


(0.5) 

(V notch) 


Melt fracture [score] 


2 


2 


2 


2 


2 


Fisheyes [score] 


2 


2 


2 


3 


1 


Note 


matt 


matt 


matt 


matt 


matt 



It can be seen that the moulding compound according to the comparative example 
forms an excessively thin weld line, which in addition has a V notch, which 
represents a weak point which may burst under pressure load. 
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Patent Claims 

Polyethylene moulding compound having a multimodal molecular weight distri- 
bution which has an overall density of > 0.940 g/cm^ and an MFI190/5 in the 
range from 0.01 to 10 dg/min, characterized in that it comprises an amount of 
from 30 to 60% by weight of low-molecular-weight ethylene homopolymer A 
which has a viscosity number VNa in the range from 40 to 1 50 cm^/g, an 
amount of from 30 to 65% by weight of high-molecular-weight copolymer B 
comprising ethylene and a further olefin having from 4 to 1 0 carbon atoms 
which has a viscosity number VNb in the range from 150 to 800 cm^/g, and an 
amount of from 1 to 30% by weight of ultrahigh-molecular-weight ethylene 
homopolymer or copolymer C which has a viscosity number VNc in the range 
from 900 to 3000 cm^/g. 

Polyethylene moulding compound according to Claim 1 , characterized in that it 
has excellent convertibility into hollow articles, expressed by a swelling rate in 
the range from 100 to 300%. 

Method for the production of a polyethylene moulding compound according to 
Claim 1 , in which the polymerization of the monomers is carried out in suspen- 
sion at temperatures in the range from 20 to 120°C, a pressure in the range 
from 2 to 60 bar and in the presence of a highly active Ziegler catalyst com- 
posed of a transition-metal compound and an organoaluminium compound, 
characterized in that the polymerization is carried out in three steps, with the 
molecular weight of the polyethylene produced in each step in each case being 
regulated with the aid of hydrogen. 

Use of a polyethylene moulding compound according to Claim 1 for the produc- 
tion of hollow articles, such as fuel tanks, canisters, drums or bottles, where the 
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polyethylene moulding compound is firstly plasticated in an extruder at tempe- 
ratures in the range from 200 to 250"C and then extruded through a die into a 
blow mould and cooled therein. 
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Abstract 

Polyethylene moulding compound with an improved ESCR/stiffness relation and an 
improved swelling rate, a method for the production thereof and the use thereof 

The invention relates to a polyethylene moulding compound having a multimodal 
molecular weight distribution which has an overall density of > 0.940 g/cm^ and an 
MFIi9(V5 in the range from 0.01 to 10 dg/min. The moulding compound according to 
the invention comprises an amount of from 30 to 60% by weight of low-molecular- 
weight ethylene homopolymer A which has a viscosity number VNa in the range from 
40 to 1 50 cm^/g, an amount of from 30 to 65% by weight of high-molecular-weight 
copolymer B comprising ethylene and a further olefin having from 4 to 1 0 carbon 
atoms which has a viscosity number VNb in the range from 150 to 800 cm^/g, and an 
amount of from 1 to 30% by weight of ultrahigh-molecular-weight ethylene homo- 
polymer C which has a viscosity number VNc in the range from 900 to 3000 cm^/g. 

The invention also relates to a method for the production of the moulding compound 
in a three-step process, and to the use thereof for the production of hollow articles. 
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